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Feasibility of Inertialess Conscan Utilizing
Modified DSN Feedsystems

P. D. Potter

Radio Frequencyand MicrowaveSubwstem$

The closed-loop conical-scatt (conscan) rccltttique has prwcu ;O bc a tlscjhl ttwthod
fi)r pointing the DS.V atttetwus nwrc accttrare~v tltatt is possible b}. opcll-loop ttw?hoch.
AS prcscttr(v implctttctttcd, the atmtwa bcatu is scawcd abow the rcccivcil stlwal Jitcc.
tiotl by pl).vs!cal tttorcntcnt of the atttctwu. It’hilt stralglttjisnnml, this approach has at

least two disaA’atttagcs. First(v, became of stntcrwal distortiotts, jWtc attglc cncodcr

rcsohttion, and drirc servo response, the actual atttcwa beam dircctlott OII(V approximates

the cotwt?amlcd bcattt direction, Secondly. because of the large massworcd dwi)tg scan.
the rate of scuff is scvcrcly rcstrictcd, If there arc sigtlificauf gaitr or si.cna!Icvcl variatiom
dwing a scan period, the conscatt sysrcnt rhtcrprcts these variations as at]tcwa poitttittg
error. Both or these dhadvatttagcs wott!d bc alkiarcd in al) incrtialess conscan s.utcnt in
which the bcaw scatttting was performed clcctrotu’tally. Rcccttt(v. staltdard JPL al;rctwa
fccdltom software was ttpgradcd (described scparatc(v in this report) to cahtlatc, ankstui!
orltcr things. asswwctric comtgatcd hortt radiatiott pattcrtts of the t.r”pe that wwld bc
ttccdcd for electronic bcaw scan. A brief look has bectl takctt or the required hotw c.vcit~

tiott. The rewlts, dcscribcd II? this article. arc high[v prowisittg.

1. Introduction

TIM b:tsic conscan technique utilized with the DSN arttcro

mrs Iu]s kn described in detail by Ohlscn and Reid (Ref. l).

ll~sically. the bcattl is continuously precessed at is specified

scon radius about the expected signal arrival direction, and

variations of signal are cross.correlated with the beam position.

To a first approximation. any error bctwccn the precession

cone axis and the signal direction results in a sinusoidal wsriw

tion of the rcccived sigrmi icvct. Tilis varfotion may then bc

i;ro~csscd and utilized to cffccl a pointing correction. )\

iimilotiorl LSf ccmsmn is that spacecraft sifyurl Icvcl variations

and rccci~cr gain fluctuations that occur during one scan

period arc interpreted m pointing errors: tilus it would bc

desirable to scan very rapidly snd integrate over msny scan

periods, m ti]e spectrum of signal tluctus!iorrs tends to dccsy

rapidly with increasing frequency, This objcclivc could be

aci~ieved witi~ electronic. ratiler Ihan mcclurnical, bc~m scan.

ning. A second important consideration is lh~t mechanical

scanning is inherently Iimitcd in zcwracy by tfrivc servo

response. tinitc encoder resolution, and struc[ursi distortions.

To be useful, an electronic bcmn scanning system \vould il~vc

to be designed SUCII that antenna aperture cflkicnc!’ ml SYS.

tcm noise temperature nrc not siSnilictinlly ticgrmlcd by

introduction of tile beam scanning csi~ability. Tilcsc prob.
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lcms nrc only addrcssctl corrccptutitly in this article, but do

not upiw:lr serious.

Il. Method of Beam Scan

A good way of visualizing the inertialcss corrscarr system

is in terms of the more fmniIinr rnonopulse technique. In the

monrrpulsc technique, the feed system produces a “reference”

bcom (symmctricul with respect to the isntenrm irxis) isnd a

puir of spztially.orthogonal “error”’ bcoms (m.ynlnletrical

\vilh respect to the arrtcnrra axis). For snurll pointing errors.

the error beam signal is directly proportional to pointing

error. Each of the two error beams 113sa plane (containing

the antenna axis) of zero output called tile “nuli plane.’”

Tile two nuli planes are designed to be m ortilogonal as possi.

blc. tilus providing pointing errors in two perpendicular

coordinates.

it can rcntiily be seen from symmclry considerations 111s1if

II}C ti}rcc outputs frotn a monopulse feed were combined in

such o wny tht wsnlrolicd smuli mounts of tile error outputs

were ;Icidcd to tile rcfcrcncc outiIIII. the resultwtt bcm WOIIM

bc scunncd off axis by an mount directly related to the

:In:ount of error output 3ddcd to tile reference output. N!ore.

over. if tile totai amount of error sigrmi added to botil chwt.

ncls wos ilcki constant. but vuried sinusoidal!y and consin.

usoitinily. respectively. witil tinle between the two cimrinels.

titc rcsul[ wouki isc a processing beam; i.e., a conscms. Tilis is

!ilc busic conccilt discussed here. Altilough we are discussing

conicwi scan anli not monopuise. it is convenient to retain tile

“’rcfcrcncc”” omi “’error”’ nomcnchture to identify symmetry
properties of fccdhorn modes and bcms.

Conccptu:l!ly. t Iw inert ialcss conscan feed discussed i}ere

cousists of :t corrugatc(i conical ilorn similar to those pre.

scn[ty in usc in Ihc DSN. except tixst caimbiiity is introduced

in tiw tilroot region of the itorn for generating a controllable

:imotlnt of irror (:lsymnwtric) mmlc for bconl scan. Tilis gcn.

cr;ltion could be ucconlidisilcd, for example, by a system of

probes lirivcn by scmicontiuctor devices. The fecdhorn props.

gation cilursctcristics of these error modes and their radiotion

charJctcrist ics CVInbe calcukrtccl to higit accuracy witi~ recently

upgrwlwl J1’L softwsre (Ref. 2). II turns out that these error

mmics iuwc very forlun~tc properties. whici~ appear to imve

gone unnot icwi in previous work: these propert ics nrc dis.

cussed in the foliowing section.

Ill. Asymmetric Feedhorn Modes for
Beam Scan

Tile ticltis inside o corrug:ltcd conicsl fccdhorn may bc

cspondrti in J writs of ortiwgonui modes (Ci~rricoots. Ref. 3.

ims art excelicnt discussion of lilis Icci]niquc). t:icil of wlli(ll

takes the form of a complicated poi~r (0) licpcmicnce nluili-

plicd by silltlsoiJui/cosillllsoid:li azimuthal (o) dtpcndcncc

Acltli lionally, there we Iwo gcncr~l cl~sscs of IIlcsc “’ilyi~ri(i”

modes. desigmstcd lll~,n,l and 1~11,,,,,. TiIus IIlc p,)l:tr :Ind

azimuthal electric tlclds for these nwdcs urc given rcsiwi[iv~’l!

by,

F = B,, (0) [1cm (w)
“o n! 11 sin (mO )

(ii>)

Tile subscript It refers IO tile order of tiw Ei~cnwiuc soluli(m

to fields in the iwrn, For the refcrcncc beam (:1s imwn[iy ustti

in the MN fecdiwrns). tile ///:, , mode is twrm:lily uwd.

sometimes in conjunction with the Ill: -, , mo(ic for ihWIndI:Ii~o

ing purposc$. Tile indcs w is scitc!wi to [w I for po!tcrn

symmetry. and .4,, (0) is mwit ;IS ntwrly cqII:Il [~~ /1,, ~U) :IS

possible for pol:lriza[ion purity ond iii@ :Iiwrturc cillcicn,”y

(see Ludwig. Ref. 4).

Because the Wrrugolcd fccdhorn iuss cirtunlfcrcn!i;li

grooves, it can also supporl smoolit w:lii nl(~cics til:lt i]:lvc only

circutnfcrerttial Wsli currents (tile TKO,, nwdcs). I:igurt I

shows the minimutn Iilrcc nkxics ncccswry to wlstrtlL”l

circularly.pohrizcd error p31tcrns: nanlcty T/UO,, /;//O ,/l/Ko, .

and //E2, .1. At IiIC imrn hlancc frequency iinfinitc sr(Nwc

reactance) ali three of these error modes huve the s:tnlc

IZigerwalue solution and iIcnce prop:lg:ltc lvitil tile wtw

velocity (Ref. 3). Additionatiy. the pollr tlcid vtiri;ltitw is

identical for escil. h’efir IIW b~lancc frequency. tiwsc iicsiroblc

properties sre approxim~teiy maintoineli. Thus. tile circ~lixrly

polarized error beanls arc inherently bromliulmi. TiIc rcfcrcnt.c

mode does. ilowever. propsg~te witil a ditYcrcnt vcl~}ci!y. TIIUS

for tile inert iakss conwtn system dcscribhi ilcrc, [ilc piuiw ~1~

the beam scan is frequency sensilive and musl iw l:lkcn int~}

account.

Using the upgraded hybritl!wrn progcrm (Rci. 2). //1, ,

(reference), El{.,, T’Eo,. and llf~: , t’ccdilorn S.-t I 5.Gi iz

patterns were computed ~or Ihc st:mhrd MN ilorn t!cwiopcii

by Urunstein (Ref. 5): these we shown in Figs. 2 tilrough 5.

Sitniiar S.4 i 5.GilZ p3ttcrns wrc Comiwlcd for Ihe mutli.

frequency fecdhorn reccnlly ~icvclopcd by tl’iili:lnls (ilcf. t~):

these are si]own in Figs. 6 through 9. In :Ili casts. Illc lhrcc
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error mode pdtlcrns huvc essentially coincident phtisc ccnlcrs Iowesl cutoff sliwnetcrs, Ih(is tillo~vitlg rcjcclion of Undc$ircd
:Irrd ncorly cquat plurse delay in Iravelling from horn throut higher order modes.

to apcrlure. As con be seen in Figs. 2 through 9. all of the

error puttcrns are essentially identical (for a given horn), Figure 10 shows corrccpt wsl designs for s! :Illd:lrd und
thus insuring high ixdtirization purity. mullifrequerrcy horns will] cklronic scon.

IV. Error Mode Excltatlon and Control V. Conclusion

For the stantl~rd Brunstein horn. the computed 8.4 I S-CIIZ This brief study of bemscsn by usc of corrug:}tw! wmicul

mode cutoff horn throat tlianleter is shown in Tuble I for the
horn motles was pcrftsrntecl as a pwl of (Itc h}britl horn sOi[-

lowest modes.
ware (Ref. 2) vcrillcution process. The results :Irc I]igl]l!

encoursgirrg and indicate tlmt incrli:ilcss wmsuun is fc~sil~lc

As shown in Toble 1, the four required modes have the excitation devices htive not. Iwwtver. lwcn inves!igutcd.
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Table 1. Mode cutoff dlamefers

Cuwff
Mode t?imwlcr, cm (in.) Comments

11A-,, 2.?9 (0.90) Normallywwd (rcfmcnce) mode

IIE2 , 3.81 (1.S0) Desirederror mode

[110 , 4.06 (1.60) Lkircd error mode

FEO, 4.34 (1.71) Desirederror mode

HI, , 5.51 (.?,17) Undedred mock

IIE, * $.97 (2.35) Bcwnhrplng mode

&x’o=0
no, H[21 (fVfN)

EO=O Ed= A2(#) sin [2$)

f,= so(e) [$ . S2(d)C* (2tI)

QB+a
HCol/EHol HE21 (ODO)

E@= AO(O [d = A2(d)cm (2$)

[,-0 Ed = -S2(9) };n W

]NULL PLANf
Y-POLARIZtO fRROR

Ed - A2(0) tin (26)

[# * 8.(3) ● @2($)ccl [20)

—

-e NULL PLANE

X-POIARIZID fRROR

Et = A#) + A2(J) COl(~)

E, = -82(0 sin [26)

---- ---- ---- ---- .
Y-POLARIZED ERROR:

fN = {[Do(d) + 02(0] + [A2(d)- 82(J)] if. (2t)\ COI6

FOR S.(9) = A2($) = B2(0. fN * 2BO())-4 (DfSIWJ POLARIZATION)

Ec = O(CROSS POLARIZATION)

X-POLARIZfO fRROR:

[N= [A#) + A2(@)] cot # + [82(0 - A2(d)] tin (24) tin @

FOR A&= A2(0 = B#), EN = ZAO($)cc~.$(C! SIMD PC14Rl ZAT10N~

fc * O(CROSSPOLARIZATION)

Fig. 1. Error channel mode. In corrug~ted horn,
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Fig. 2. Brunsteln horn, HE,, Mode, 8.415 GHz
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Ftg. 10. Conceptual electronic beam ●cen conflgurntlona: (a) multl-
frequency horn with electronic X-band beam scmt; (b) slngl+
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